. Acta vet. Bmo, 47, 1978: 39-50. The seasonal changes in the mass of hepatopancreas, its absolute and relative amount of glycogen, and hepatopancreas glycogen content per 1 g body mass were investigated in 1211 carP aged 4 months (Kr-1) to two years (KI ). Mter a sharp increase of these parameters during September and October, the highest glycogen amounts were found in November and December (28. 1 ± 1.23 g; 5.58 ± 0.369 g; 19.6 ± ± 0.2 % and 13.5 ± 0.76 mg, respectively). After a considerable drop in April and May, the lowest amounts of glycogen were noted in June and July (4.30 ± ± 0.200 g; 0.19 ± 0.018 g; 4.24 ± 0.326 % and 0.96 ± 0.117 mg, respectively).
The glycogen content of the white skeletal muscular tissue was measured in 456 carp aged 4 months to 2 years (Kr_l -K a), in monthly intervals. The fish were held under semi-operational and operational conditions (ponds No. 70, 64; NovY u Mnisku and NovY u Stail.kova, resspectively) . The glycogen content of the heart muscle and of the red musculature near the lateral line was measured in 300 carp aged 1 to 2 years (K 1 -Kz). The carp were reared under semi--operational conditions in pond No. 65 and analyzed in monthly intervals.
All specimens were treated as described previously (Svobodova 1976) . During the experimental period, the water temperature was recorded daily (pressure termograph) and the daylight length data for the area were obtained from the Hydrometeorological Institute. In 2-to-4-week long intervals the pond water quality was recorded and according to these data it was maintained at the optimum.
The results of the experiments were evaluated by the simple linear regression method and correlation analyses were made according to Shiler et aI. (1967) .
Results and Discussion
The average body mass of the carp K l -K2 reared under the operational conditions (ponds Novj u Mnisku, Novj u Staiikova) and under semi-operational conditions (ponds No. 70 and 64) rose during the experimental period from 10.1 ± 0.77 g to 472 ± 29.5 g (September 1968 to May 1970 . Changes in the mass of hepatopancreas (Fig. 1 ), its relative ( Fig. 2) and absolute ( Fig. 3) glycogen content and the hepatopancreas glycogen content per 1 g body mass (Fig. 4) had a similar character during the year. From August till mid-October, a sharp increase of these parameters was noted culminating in December. Later a mild decrease occurred. In April and May a remarkable drop of all the above-mentioned parameters occurred with the lowest values found in June. The average hepatopancreas mass ranged from 11.4 ± 0.48 to 28.1 ± 1.23 g, the relative glycogen amount of hepatopancreas ranged from 5.26 ± 0.28 to 19.6 ± 0.26 %, the absolute glycogen amount of this organ ranged from 0.67 ± 0.044 to 5.58 ± ± 0.369 g, and the glycogen amount per g body mass ranged from 1.56 ± 0.083 to 13.5 ± 0.76 mg.
Between changes in the mass and glycogen content of the hepatopancreas and water temperature and daylight length close to very close correlations were found.
The correlation coefficients were r = -0.92 (hepatopancreas mass to water temperature), r = -0.78 (hepatopancreas mass to daylight length), r = -0.81 (relative hepatopancreas glycogen content to water temperature), and r = -0.84 (relative hepatopancreas glycogen content to daylight length), r = -0.88 (absolute hepatopancreas glycogen content to water temperature) and finally r = -0.87 (absolute hepatopancreas glycogen content to daylight length).
The seasonal changes in hepatopancreas mass ( These data are in good agreement with those found in literature. The seasonal changes in hepatopancreas mass agree with the relative hepatopancreas mass changes (Svobodova and Kocova 1975) during the first two years of life of the carp. Glycogen accumulation in the carp hepatopancreas occurs in autumn and its amount again decreases in the spring (Albrecht 1966 (Albrecht , 1967a Gerasimova 1970; Gas and Serfaty 1972; Sherstneva 1972 and Fekete 1971) . This fact was fully confirmed in our studies in fish under both semi-operational and operational conditions.
The annual pattern of changes in hepatopancreas mass and its glycogen content is the same; the close correlations can be explained by the direct influence of the glycogen amount on the hepatopancreas mass, and of the glycogen-influenced water retention in this organ (Albrecht 1967b; Svobodova 1977) .
Glycogen content in the white musculature of the carp K r -l to K2 reared under the operational conditions (in ponds Nory u Mnisku, Nory u Staiikova) and under the semi-operational conditions (ponds No. 70 and 64) showed a certain rhythmicity during the experimental period of 1968-1970. The glycogen content of the white muscles followed the above-mentioned pattern of seasonal changes and it ranged from 0.34 ± 0.008 to 0.81 ± 0.041 % (Fig. 9) . Dependence of the glycogen content in the white musculature on water temperature was only mild (r = -0.46), on the daylight length high (r = -0.66).
In the fish KI -K2 analyzed for the glycogen content in the heart muscle and in the red musculature of the lateral line was the average weight in April 1971 44 ± 1.33 g, and at the last fishing in June 1972 it was 548 ± 14.3 g. A significant decrease in the glycogen content of the heart muscle was noted in June (1.74 ± 0.0049 %) and the lowest value was found in July (1.65 ± ± 0.049 %). In August again a sharp increase occurred (2.22 ± 0.059 %), and from September to April of the following year it oscillated between 2.18 ± ± 0.065 and 2.56 ± 0.066 %; a sharp decrease was noted in May and June (1.46 ± 0.077 %), see Fig. 10 . High dependence of the heart glycogen content upon the water temperature was found (r = -0.68), while only a mild correlation between the heart glycogen content and daylight length (r = -0.43) was noted. l.
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.. s. 1"\ .. Fig. 10 . Glycogen content in the heart muscle of the carp 0 ---0 glycogen in % water temperature in DC -----daylight length in hours a sharp decrease to 1.70 ± 0.153 % occurred (Fig. 11 ). This glycogen content was very closely correlated to water temperature during the year (r = -0.84) and closely correlated to the daylight length (r = -0.67).
In literature, no mention of detailed studies of seasonal changes in glycogen content of the white, red and heart muscles of the carp was found. Only Sherstneva (1975) observed a decrease in glycogen content of the white and red muscles in May. Seasonal rhythms in glycogen content in the white skeletal and heart muscles of the tench were studied by Demael -Suard and Peres (1964) . They found a low glycogen content in the white musculature with small seasonal variations. The heart muscle glycogen content varied during the year from 1.5 to 5 %.
In our study, moderate to close correlation between the glycogen content in the white, red and heart musculature of the carp and water temperature and daylight length was found. The most pronounced seasonal changes were observed with the red musculature near the lateral line. Similar conclusion was reached also by Wittenberger and Diaciuc (1965) and Pora et al. (1971) who found great differences in metabolic rate of the white and red muscle tissue, and similar metabolic rate in the red muscles and liver of the fish. In the present study, made in various vegetation periods and under different rearing conditions, moderate to very close correlation between the glycogen content in the organs under study and water temperature and daylight length was observed. The influence of water temperature on the seasonal biorhytms in the fish was observed by other authors (Albrecht 1966 (Albrecht , 1967a . According to Pavlovic (1968) , one of the most important factors is the light. On the basis of own observations Waitzenegger and Serfaty (1967) 
